ABSTRACT: To investigate the molecular diversity of symbiotic algae at the latitudinal limits of their distribution, the ribosomal RNA gene sequences (rDNA) of the dinoflagellate Symbiodinium in benthic Cnidaria (corals, sea anemones etc.) on Bermuda (32°N) and in the Mediterranean and NE Atlantic (35 to 53°N) were analysed. The algae in Bermudian Cnidaria were identified as Symbiodinium of Phylotypes A, B and C, as previously described for benthic Cnidaria in the Caribbean (12 to 27°N). The algae in every sample of sea anemones (Anemonia spp. and Cereus pedunculatus) in the NE Atlantic and Mediterranean were a previously undescribed group within Phylotype A, possibly endemic to this high latitude region. 
INTRODUCTION
Reef-building scleractinian corals and most other benthic Cnidaria (e.g. sea anemones, gorgonians) on shallow water coral reefs bear dinoflagellate algae of the genus Symbiodinium in their tissues. These symbiotic algae provide the animal with nutrients, thereby promoting animal growth and reproduction as well as enhancing calcification in scleractinian corals (Trench 1993 , Gattuso et al. 1999 . Coral reefs are restricted to low latitudes, generally 25°N to 25°S, where mean winter sea surface temperatures do not fall below 18°C (Stehli & Wells 1971) . At higher latitudes, with greater seasonal variation in temperature and day length, coral reefs and Cnidaria bearing Symbiodinium are of low species diversity or absent (Crossland 1988 , Veron 1995 . Symbiodinium have rarely been reported in the free-living condition and those that have are invariably close to symbioses (Carlos et al. 1999) , suggesting that free-living populations are small and transient (i.e. individual cells of Symbiodinium derived from symbioses may not persist indefinitely in the natural environment).
The purpose of this study was to investigate the molecular diversity of Symbiodinium at the latitudinal limits of symbioses in Cnidaria. We predicted that Symbiodinium diversity would be low and include divergent, possibly endemic, forms as a result of isolation or adaptation to the high latitude environment. Our study area was the Atlantic and the sites were Bermuda at 32°N in the West Atlantic, the European coast of the Mediterranean at 35 to 43°N, and coastal waters of the UK, France and Italy at 48 to 53°N. Bermuda is the most northerly reef site in the Atlantic Ocean, warmed by eddies of the Gulf Stream (Verrill 1901) . Benthic Cnidaria bearing Symbiodinium on Bermuda are generally accepted as conspecific with members of the Caribbean fauna, but they are of much reduced diversity, e.g. of the 62 species of scleractinian corals bearing symbiotic algae on Jamaica, 17 have been reported on Bermuda (Logan 1988) . The benthic cnidarian fauna of coastal waters of the NE Atlantic is different from low latitudes and dominated by taxa lacking Symbiodinium. Exceptionally, sea anemones of the genus Anemonia are widespread and locally abundant, for example to 57°N along the west coast of Britain (Pax & Müller 1962, A. E. Douglas unpubl. obs.: for consideration of taxonomy of Anemonia species, see Wiedenmann et al. 1999 Wiedenmann et al. , 2000 . The diversity of Symbiodinium in Anemonia species from UK waters and the Mediterranean was determined. For comparison, an analysis was conducted of Symbiodinium in a second sea anemone genus, Cereus pedunculatus, which is locally common in coastal waters throughout the NE Atlantic coastal waters (Manuel 1988) .
The chosen approach to investigate the molecular diversity of Symbiodinium is sequence variation in ribosomal RNA genes. Sequence analysis of the smallsubunit (SSU) rDNA has revealed 2 broad groups, one containing Phylotype A and the other containing Phylotypes B, C and E (Rowan & Powers 1991a , Rowan & Knowlton 1995 . Phylotype E is known as Phylotype D by some authors (e.g. LaJeunesse 2001). The various phylotypes can be discriminated by PCR-RFLP analysis of SSU rDNA (e.g. Rowan & Powers 1991b , Rowan & Knowlton 1995 , Darius et al. 1998 , Brown et al. 2002 . Phylogenetic trees constructed from partial sequences of the large-subunit (LSU) rRNA gene and complete sequences of the ITS/5.8 S regions are congruent with those obtained with SSU rRNA gene (Wilcox 1998 , LaJeunesse 2001 , Pawlowski et al. 2001 .
Of immediate relevance to this study, sequence data have been used to examine the geographical distribution of Symbiodinium phylotypes. Most scleractinian corals in the Caribbean bear Phylotypes A, B and C (varying between species) and corals in the Pacific generally have Phylotype C . Phylotype E has been reported in several coral species in both the Caribbean and Pacific (e.g. Rowan & Knowlton 1995 , Van Oppen et al. 2001 , Toller et al. 2001a , Brown et al. 2002 . Phylotypes A, B, C and E of Symbiodinium occur in other benthic Cnidaria (e.g. sea anemones, zoanthids, gorgonians) in both the Atlantic and Indo-Pacific (e.g. Rowan & Powers 1991b ). The few studies of Symbiodinium at the latitudinal margins of their distribution include the demonstration that high latitude populations of both Anthopleura elegantissima, a sea anemone on the Pacific coast of North America, and Plesiastrea versipora, a Pacific coral of very wide latitudinal range, have Phylotype B , Rodriguez-Lanetty et al. 2001 and in the UK, the sea anemone Anemonia viridis (= A. sulcata) has Phylotype A (Bythell et al. 1997) .
MATERIALS AND METHODS
The samples and DNA extraction methods. The focus of this study was symbioses from Bermuda and Europe which are listed in Table 1 . The Mediterranean/UK samples of Anemonia species and the Bermudian species were collected directly from the natural habitat; Cereus pedunculatus from Brittany (France) was provided fixed in ethanol by W. Westheide (University of Osnabruck). Tropical species were also used: DNA samples of the coral Montastraea annularis at San Blas, Panama, provided by R. Rowan; skeleton-free coral blastates in DMSO/NaCl buffer of Agaricia fragilis, Favia fragum, Siderastrea siderea and Stephanocoenia intersepta at St. Croix, the Virgin Islands, provided by J. Bythell; and frozen cores of the coral Goniastrea aspera from Phuket, Thailand, provided by B. E. Brown.
DNA extraction followed the method of Rowan & Powers (1991b) or Wiedenmann et al. (2000) . For live samples of the sea anemones and the benthic jellyfish Cassiopeia xamachana, fresh tentacle clippings were macerated in ice-cold Zooxanthellae isolation buffer (ZIB) (0.4 M NaCl, 10 mM Na 2 EDTA, 20 mM Tris, 8 mM dithiothreitol, pH 8.2); the fixed Cereus pedunculatus was soaked in ZIB and minced finely with scissors before maceration; and for the live and frozen coral samples, tissue was removed from the skeleton using an airbrush and ice-cold ZIB. These treatments yielded intact zooxanthellae and disrupted animal tissues, which were separated by centrifugation and resuspension in fresh ice-cold ZIB 3 times. All the ZIB-prepared material and the samples of fixed coral blastate from St. Croix were washed in DNAB (0.4 M NaCl, 50 mM Na 2 EDTA, pH 8) and incubated overnight at 50°C with 0.5 mg Proteinase K ml -1 DNAB. The digests were incubated with 1.5% cetyltrimethylammonium bromide, 1 M NaCl and 1.5 µg glycogen ml -1 (final concentrations). DNA was extracted in chloroform and precipitated in ice-cold ethanol with 0.3 M sodium acetate, pH 6.5.
PCR amplification of zooxanthellae rDNA. Three regions of the dinoflagellate rRNA gene complex were amplified: SSU rDNA with primers ss5z and ss3z (Rowan & Powers 1991b) ; 5'-region of LSU rDNA with primers 24D15F1 and 24D2R1 ; and the complete ITS1-5.8S-ITS2 region using primers msg2 (5'-GTA GGT GAA CCT GCG GAA GGA -3') and msg3 (5'-TCC TCC GCT TAC TTA TAT GCT TAA -3'), designed from conserved sequences at 3'-end of Precise locations are provided in Goodson (2000) and Savage (2001) , and are also available from authors on request; Supplementary amplifications of SSU rDNA fragments using the universal primers ss5 and ss3 (Rowan & Powers 1991b) were conducted as described in Bythell et al. (1997) . The results were consistent with the amplification products obtained using the SSU primers ss5z and ss3z, confirming that none of the samples contained dinoflagellate algae that cannot be amplified with the latter primers.
Restriction analysis of PCR products. The algal phylotypes were identified by restriction analysis of SSU rDNA fragments with TaqI and DpnII, following the procedure of Bythell et al. (1997) . Digestions were run on a 1% agarose gel in TAE, with a 1 kb molecular weight ladder (Gibco-BRL) and visualised with ethidium bromide staining under UV illumination. The phylotypes were identified from approximate band sizes: Phylotype A-TaqI 700 and 600 bp, DpnII 850 and 580 bp; Phylotype B-TaqI 850 and 500 bp, DpnII 750 and 500 bp; Phylotype C-TaqI 880 and 700 bp, DpnII-860 and 500 bp; and Phylotype E-TaqI 720 bp, DpnII 860 and 500 bp (Rowan & Powers 1991b , Brown et al. 2002 . To discriminate among algae of Phylotype A, the PCR-amplified LSU fragments were digested with DdeI following manufacturer's instructions and digestions were run on a 2% agarose gel, as above.
Sequencing and sequence analysis. The PCR-generated LSU fragment from 1 or 2 samples of each host species was sequenced, and sequence analysis of the ITS1/5.8S/ITS2 region was conducted on 5 individuals of Bermudian Cassiopeia xamachana, Lebrunia danae, Montastraea franksi and Favia fragum, 5 samples of Montastraea annularis from Panama and 10 individuals of Bermudian Aiptasia pallida. The PCR products were routinely cloned prior to sequencing because the resolution of direct sequencing would have been confounded by within-sample sequence variability arising from multiple gene sequences per genome or multiple algal genotypes per symbiosis (see Toller et al. 2001a) . With a few exceptions (described in 'Results'), however, the sequence variation between clones of 1 PCR amplification was very low. Each PCR product was purified with QIAquick PCR purification kit (Qiagen) following manufacturer's instructions and ligated into pGEM-T Easy vector (Promega). Calcium-competent cells of Escherichia coli DH5α were transformed with the resultant plasmids. Recombinant colonies were screened for the insert of the predicted length and plasmids were prepared for sequencing using QIAprep spin miniprep kit columns (Qiagen). PCR products were sequenced from the recombinant plasmid using 2 primers (T7 and SP6, Promega), and a bigdye terminator cycle sequencing ready reaction kit (PE Applied Biosystems). Sequencing reactions were run on 4.25% polyacrylamide gels in an ABI 377 automated sequencer (PE Applied Biosystems). Sequences were analysed using DNAStar Lasergene software and aligned using ClustalX version 1.8 (Thompson et al. 1997) . All sequences were confirmed not to be chimeric molecules generated during amplification using the program CHIMERA. For each PCR product, a consensus sequence was generated from the sequences of 3 clones, determined in both directions; between-clone variation was generally less than 1% and did not exceed 2.5%. Consensus sequences have been deposited in Genbank (Accession numbers AY074938 to AY074987 and AF478694). Bootstrapped neighbor-joining trees based on a Kimura 2-parameter distance matrix were constructed using ClustalX version 1.8 (Thompson et al. 1997 ) with gapped positions removed. Parallel analyses with gaps included revealed that gapped regions did not generally exert a strong influence on tree topology (Goodson 2000) . Maximum likelihood analysis was performed using the PHYLIP program DNAML with global rearrangement (Felsenstein 1989) . Bootstrapped data sets were generated using the PHYLIP program SEQBOOT, and CON-SENSE was used to generate the consensus tree.
RESULTS

Restriction analysis of SSU rDNA
The PCR amplification product obtained with SSU primers was ca. 1.6 kb for all algal samples from Bermuda and West Europe. When digested with the restriction enzymes TaqI and DpnII, the products conformed to previously described phylotypes of Symbiodinium (Table 1 ). The algae in sea anemones from European waters were exclusively of Phylotype A. Phylotypes A, B and C were present in the Bermudian material and 4 out of 22 species were polymorphic (i.e. bore more than 1 phylotype of Symbiodinium): the sea anemone Condylactis gigantea bears Phylotypes A and B, the coral Stephanocoenia intersepta Phylotypes B and C, and the corals Favia fragum and Montastraea franksi Phylotypes A and B. Three corals Diploria labyrinthiformis, Montastraea franksi and Porites astreoides tend to have Phylotype C in deep waters in the Caribbean , but Phylotype C was absent from all Bermudian samples of these species at depths to 30 m (Table 1) .
Comparison of the diversity of Symbiodinium in Bermudian and Caribbean scleractinian corals is feasible because all Bermudian species are also present in the Caribbean (see 'Introduction'). The Symbiodinium in 13 out of 17 Bermudian scleractinian species have been typed previously in the Caribbean (Table 1) . For 6 species, the Symbiodinium phylotype is identical in the Bermudian and Caribbean material, and 3 species apparently have a lower algal diversity on Bermuda than in the Caribbean (Phylotype C reported in Diploria labyrinthiformis and Porites astreoides in the Caribbean but not Bermuda, and Phylotypes C and E in Montastraea franski in the Caribbean but not Bermuda). Three species hosted different phylotypes in Bermuda and the Caribbean: Siderastrea radians (Phylotype B on Bermuda, Phylotype C in Caribbean), Porites porites (Phylotype A on Bermuda, Phylotype C in Caribbean) and Stephanocoenia intersepta (Phylotype B or C on Bermuda, Phylotype A or C in Caribbean). A final detected difference is that all Favia fragum samples from the Caribbean , and 11 samples tested in this study) and 7 out of 8 samples from Bermuda bore Phylotype B, but 1 Bermudian colony tested had a mixed A/B infection dominated by Phylotype A.
As an approach to investigate the incidence of Symbiodinium phylotypes on Bermuda, the frequency of each phylotype recorded in scleractinian corals from Bermuda (this study) and in the Caribbean by was compared. With polymorphic species included in the analysis (see Table 2 ), the most frequent Phylotype is B in Bermudian corals but C in the Caribbean. The frequency of scleractinian species bearing the various phylotypes differs significantly between Bermuda and the Caribbean (χ 2 [2 df]) = 7.39, p < 0.05). If the coral species bearing multiple Symbiodinium phylotypes are excluded from the analysis, the difference is still significant (χ 2 [2 df] = 6.24, p < 0.05).
Sequence analysis of LSU rDNA
All PCR reactions with LSU primers generated products of ca. 650 bp length, the predicted length for Symbiodinium ). Some reactions with scleractinian coral DNA as template yielded an additional product of ca. 850 bp, the predicted length for the animal gene. Sequences of the cloned products of the shorter of the 2 bands were confirmed as Symbiodinium in origin by BLAST searches (Altschul et al. 1990 ). Most of the PCR products assigned to Symbiodinium were 646 bp, comprising the D1 hypervariable domain (145 bp), D2 hypervariable domain (235 bp) and intervening conserved region (159 bp), flanked by 80 bp 5' and 27 bp 3' conserved regions. Deletions (up to 53 bp) or insertions (up to 19 bp) were scored in the hypervariable regions of 5 sequences (1 from Oculina diffusa, 2 from Favia fragum and 2 from Montastraea cavernosa); these sequences were not used to construct the consensus sequence for phylogenetic analysis and, in relation to this study, they were not examined further.
Overall, 83% of the variable sites were in the hypervariable D1 and D2 domains (if the variable sites were evenly distributed throughout the sequence, 63% of the variable sites would be expected to fall in the D1 and D2 domains); of the variable sites in the hypervariable region, most were in the D2 domain. These results are consistent with patterns of variation reported for non-symbiotic dinoflagellates (Zardoya et al. 1995) . Sequence variation within Phylotypes B and C was 0 to 1.9%. Phylotype A, with total sequence variation of 0.1 to 8.7%, comprised 2 groups, each with <1.9% variation. One group contained sequences from Anemonia species and Cereus pedunculatus, and the other group comprised sequences from Bermudian species.
The phylogenetic analysis was conducted on the 646 bp fragment of LSU rRNA gene of Symbiodinium in the European and Bermudian material, together with 20 sequences from the Caribbean and Pacific (including sequences from GenBank and previously unpublished data for material from St. Croix, the Virgin Islands and Phuket, Thailand). The neighbor joining tree with the non-symbiotic dinoflagellate Alexandrium catenatum as outgroup is shown in Fig. 1a . The maximum likelihood tree had identical topology, and the tree topologies were unaltered by use of the nonsymbiotic dinoflagellates Gymnodinium simplex (Accession No. AF060991) as outgroup (data not shown). These results are consistent with published data (e.g. Wilcox 1998 , Pawlowski et al. 2001 ) and the phylotype designations from PCR-RFLP analysis of SSU rDNA (Table 1) .
Inspection of the LSU trees revealed no evidence for structuring of Phylotype B or C with respect to either geography or host species, i.e. Phylotypes B and C in the Bermudian material did not differ consistently from Caribbean material. In contrast, Phylotype A comprised 2 subgroups with 100% bootstrap support. One subgroup, which we term 'Standard A', includes all the Phylotype A sequences from Bermuda, the Caribbean and Pacific; and the second subgroup, 'Temperate A', comprises all the sequences from the Mediterranean and NE Europe. There is also bootstrap support for structuring of the 'Standard A' sequences of Symbiodinium into 3 groups: Caribbean and tropical Pacific 
ITS1-5.8S-ITS2 region of rDNA
The principal purpose of the sequence analysis of the full ITS region (i.e. ITS1-5.8S-ITS2) of rDNA was to establish whether the symbiotic algae in Bermudian and Caribbean Cnidaria are distinct, exploiting the greater phylogenetic resolution afforded by the rapidly evolving ITS regions than the SSU and LSU rDNA (Hillis & Dixon 1991) .
Every sample tested yielded a PCR product of ca. 660 bp length. The sequences of the full ITS region from Symbiodinium of Phylotype A were so divergent from Phylotypes B and C that they could not be aligned accurately, and separate phylogenetic trees were constructed (Fig. 1b,c) . Identical groupings were obtained for maximum likelihood trees (not shown). All sequences were assigned to the phylotype predicted from SSU-RFLP analysis apart from 1 sample from Favia fragum which yielded sequences of Phylotypes A and B (see footnote 10 of Table 1 ).
The full ITS sequences of Symbiodinium from Bermudian Cassiopeia xamachana were identical to each other and to the published sequence for Symbiodinium from C. xamachana in Florida, described by LaJeunesse (2001) as Group A1. The sequence of Phylotype A from Favia fragum grouped with Symbiodinium (=Gymnodinium) linuchae in Group A4 of LaJeunesse (2001) (Fig. 1b) . Symbiodinium in Lebrunia danae could be assigned to Phylotype C, but any more specific identification was precluded because the subgroups of Phylotype C lacked strong bootstrap support (Fig. 1c) sequences of Phylotype B on Bermuda, including all the sequences from Montastraea annularis and F. fragum and 9 out of 10 sequences from Aiptasia pallida, could be assigned to a single subgroup of Phylotype B that also contained Group B1 of LaJeunesse (2001) obtained from various Caribbean species, including A. pallida (Fig. 1c) . One of the 5 sequences from Oculina diffusa was also assigned to this group. The 5 samples of Phylotype B from M. annularis in Panama analysed here associated with the B1 grouping, but with weak bootstrap support (55%) (Fig. 1c) .
The remaining Bermudian sequences, 1 sample from A. pallida (shown as '#1' in Fig. 1c ) and 4 samples from O. diffusa, bore very high similarity to sequences from the same species in the Caribbean and could be assigned to Groups B2 and B2.1 of LaJeunesse (2001), respectively. These data support the conclusion obtained from sequence analysis of LSU rDNA (see above) that the algae in Bermudian Cnidaria are not generally distinct from Symbiodinium in the Caribbean.
DISCUSSION
The key result of this study is that the molecular diversity of Symbiodinium, the symbiotic algae in corals and allied animals, differs between the high latitude coral reef site of Bermuda (32°N) and the Mediterranean and NE Atlantic (35 to 53°N) . The Symbiodinium on Bermuda and the Caribbean comprises Phylotypes A, B and C; but the Mediterranean and NE Atlantic material bears a previously undescribed group within Phylotype A that we provisionally term 'Temperate A'. The Bermudian data demonstrate that the reduction in species diversity of cnidarian hosts with increasing latitude (Veron 1995 , Karlson & Cornell 1998 is not necessarily matched by an equivalent reduction in the molecular diversity of Symbiodinium. Additionally, the analysis of Symbiodinium in Anemonia spp. and Cereus pedunculatus has revealed that Phylotype A includes greater molecular diversity than was apparent from analyses based exclusively on tropical material (Rowan 1998) . Our results also raise 2 
general issues considered here: (1) the factors shaping the diversity of Symbiodinium at high latitude sites; and (2) the implications of the observed diversity for the ecology of the symbiosis.
Molecular diversity of Symbiodinium at high latitude sites
The key factors expected to shape the molecular diversity and degree of evolutionary differentiation of Symbiodinium at a marginal site are the connectivity with other sites (as determined by distance, land barriers and prevailing ocean currents) and the environmental conditions (e.g. temperature, irradiance) at the marginal site (Palumbi 1994 , Veron 1995 , Roberts 1997 , Cowan et al. 2000 , Bellwood & Hughes 2001 . The high rDNA sequence similarity between Symbiodinium on Bermuda and low latitude sites, including the Caribbean, (Fig. 1) is consistent with the view that the Bermudian Symbiodinium populations, like those of their cnidarian partners (e.g. Logan 1988 , Veron 1995 , are derived from the Caribbean. A likely dispersal route to Bermuda is via the Gulf Stream. Although the frequency of dispersal from the Caribbean to Bermuda is unknown, the journey time of 2 to 3 wk in the Gulf Stream (Glynn 1973 , Lessios et al. 1984 ) is compatible with the lifespan of some planktonic cnidarian propagules (larvae, polyps) that bear Symbiodinium (e.g. Jokiel 1984 , Richmond 1987 , BenDavid-Zaslow & Benayahu 1998 , Wilson & Harrison 1998 . Isolated Symbiodinium may also disperse to Bermuda, but their persistence in the water column is unknown.
The high incidence of Phylotype B among the Bermudian fauna can be attributed, at least in part, to the infection of individual cnidarian species by Phylotype B on Bermuda but Phylotype C in the Caribbean. Symbiodinium of Phylotype C may be selected against in the water column or in the symbioses on Bermuda, or individuals of certain animal species bearing Phylotype C may be at a selective disadvantage. It would, however, be simplistic to conclude that Phylotype C is intrinsically less fit than other phylotypes in the Bermudian environment, because Phylotype C is borne exclusively by several cnidarian species (Table 1) , including Montastraea cavernosa, an abundant coral species on Bermuda at all depths to 60 m (Logan 1988) .
The 'Temperate A' group of Symbiodinium, the sole Symbiodinium detected in Anemonia species and Cereus pedunculatus from the NE Atlantic and Mediterranean, has not been described previously in any symbiosis, including other high latitude sites (see 'Introduction'). This suggests that 'Temperate A' may be endemic to the NE Atlantic and Mediterranean, although analysis of further marginal sites, especially in Japan (e.g. Yamano et al. 2001) , would be informative. 'Temperate A' may be specialised to a few taxa, including Anemonia spp. and C. pedunculatus that extend to particularly high latitudes (Manuel 1988) , or may be widely distributed, even universally, among symbioses in these regions. Further research is required to establish the relative importance of isolation and selection in shaping the distribution of the 'Temperate A' group of Symbiodinium. Potential sources of Symbiodinium for these high latitude symbioses include sites in the Atlantic Ocean and, since the construction of the Suez Canal, Red Sea coral reefs; recent invasions of various marine taxa from the Red Sea to the Mediterranean have been reported (Blondel & Aronson 1999) .
Implications of Symbiodinium diversity for the ecology of corals and allied animals
The ecological consequences of the identity of Symbiodinium in a symbiosis should be addressed with the greatest caution. Although distinctive phenotypes have been attributed to different phylotypes of Symbiodinium, e.g. Phylotype A as 'invasive/opportunistic', C as 'specialist', E as 'stress-tolerant' (Rowan 1998 , Toller et al. 2001b , there is now excellent evidence for within-phylotype variation in morphology (Wilcox 1998 , LaJeunesse 2001 and ecologically-important traits, such as thermal tolerance (Warner et al. 1999) and photosynthetic response to irradiance (IglesiasPrieto & Trench 1994 ). This variation may arise from experience-mediated acclimation (Brown et al. 2001 (Brown et al. , 2002 and genetic variation within phylotypes not evident at the rDNA sequence level. Of particular relevance to the Bermudian symbioses, Savage (2001) identified statistically significant variation in the photosynthetic response to irradiance among isolates within each of the Phylotypes A, B and C from Bermudian symbioses. For the present, therefore, the Symbiodinium phylotype should be considered as a phylogenetic marker and not equated with any specific phenotypic trait.
The substantial variation in ecologically important traits among Symbiodinium raises the possibility that the diversity of Symbiodinium may contribute to the resilience of symbioses in the face of changes in environmental conditions (Bellwood & Hughes 2001 , Knowlton 2001 , Nystrom & Folke 2001 . The principal mechanism is the low specificity of many cnidarian species for Symbiodinium, such that the symbiosis can respond to environmental conditions that favour particular Symbiodinium genotypes , Baker 2001 . Evidence is accumulating that many ani-mal species can form associations with a wider range of Symbiodinium than was believed traditionally. This includes: (1) variation in the Symbiodinium phylotypes between individuals of animal species at different locations (Toller et al. 2001a , this study) and of different developmental ages ; (2) Phylotype A at low frequency in the corals Favia fragum and Acropora longicyanthus, which are generally associated with Phylotypes B and C, respectively (Van Oppen et al. 2001 , this study); and (3) the realisation that the non-infective isolates in the classical laboratory studies on specificity in Symbiodinium symbioses are 'cryptic' forms that, although readily culturable from symbioses, have never been described as the dominant alga in symbiosis (LaJeunesse 2001 .
If, as is widely accepted in the coral literature, ecosystem resilience is related to diversity (Nystrom & Folke 2001) , the species-poor communities of symbiotic Cnidaria at marginal sites of Bermuda and NE Atlantic and Mediterranean are predicted to be vulnerable to environmental change. The molecular data obtained in this study indicate that this vulnerability may be compounded by low diversity of Symbiodinium in NE Atlantic and Mediterranean to a greater extent than on Bermuda.
